Background/Aims: Bladder cancer (BC) is one of the most frequent urologic tumors worldwide. However, long non-coding RNA(lncRNA) expression profiles in BC progression remain unclear. This study aimed to explore lncRNA expression profiles in different grades of bladder cancer and normal urothelium tissues. Methods: We performed high-throughput sequencing in BC tissues of different grade and obtained the expression profiles of its lncRNAs. Then, aberrantly expressed lncRNAs were validated by quantitative reverse transcription polymerase chain reaction (RT-PCR). Gene Ontology (GO) and pathway analyses were used to investigate the potential function of these lncRNAs. Co-expresson network was constructed to explore the relationship between lncRNAs and target mRNAs. Results: We identified 252 aberrantly expressed lncRNAs in high-grade BC while compared to low-grade BC, and 269 lncRNAs in high-grade BC while compared to normal urothelium. Notably, we found 33 overlapped lncRNAs. Subsequently, 7 lncRNAs were selected from the overlapped part and confirmed by RT-PCR. GO and pathway analyses showed that these dysregulated lncRNAs participated in cell migration, cell adhesion, as well as Ras signaling pathway. Co-expression network and The Cancer Genome Atlas (TCGA) data showed LUCAT1 and CCNB1 had positive relationship in regulating the progress of bladder cancer. Conclusion: Our findings revealed the significant role of lncRNAs in the development process of bladder cancer.
Introduction
Bladder cancer (BC) is the ninth most frequently-diagnosed cancer worldwide, and ranks 13th in terms of deaths [1] . In China, bladder cancer is the most common urologic neoplasms with 80, 500 new cases diagnosed and 32, 900 deaths in 2015 [2] . The majority histologic type of bladder cancer is urothelial carcinoma, 75% of which are non-muscle invasive bladder cancer (NMIBC) and others are muscle-invasive bladder cancer (MIBC) [3] . The recurrence rate of NMIBC within 5 years range from 50% to 70%, and about 17-45% of NMIBC cases were found to develop [4] . Currently, high-grade invasive bladder cancer doesn't have an ideal treatment, available approaches include radical cystectomy and chemotherapy [5] . Both of them remarkably impact patient's quality of life and survival time [6] , therefore, it is still imperative to explore the underlying potential mechanisms of malignant progression of bladder cancer.
Long non-coding RNAs (lncRNAs) are transcripts more than200 nucleotides in length and would not be translated into proteins [7] . More than 80% of the mammalian genome is composed of lncRNAs [8] . Accumulating evidence support that lncRNAs are involved in the malignant process of cancer, such as tumorigenesis and metastasis [9] [10] [11] [12] . During the past years, several dysregulation lncRNAs have been discovered and found to play important roles in bladder cancer. For examples, lncRNA-UNMIBC was up-regulated in NMIBC tissues compared with normal tissues and the expression level was significantly associated with recurrence rate [13] . Analyzing clinical specimens and data from The Cancer Genome Atlas (TCGA), Mónica et al. found lncRNA HOTAIR expression increased in recurrent and highgraded tumors and was associated with poor prognosis [14] . Moreover, lncRNA could also function as a cancer-suppressor gene. He et al. proved MIR31HG expression was negatively associated with TNM stage. However, there is very limited information on lncRNAs expression which differs in BC progress from low grade BC to high grade BC.
In this study, we performed high-throughput sequencing to explore the expression of lncRNAs and mRNAs in high-grade BC tissues while compared to low-grade BC as well as compared to tissues from normal controls. We hope our finding may help to discover potential biomarkers and therapeutic targets for bladder cancer.
Materials and Methods

Patients and tissue specimens
This study was approved by the Ethics Committee of Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University Medical School. Bladder cancer was diagnosed by histopathology examination. Written Informed consent were signed by patients before collecting tissue samples. In total, 13 low-grade BC tissues obtained from patients who underwent TURBT, and 13 high-grade BC tissues and matched adjacent normal tissues were collected from patients who underwent radical cystectomy at the Nanjing Drum Tower Hospital between 2013 and 2016. All tissue samples were added to tubes with RNAlater and snapfrozen in liquid nitrogen immediately and stored at -80℃. 3 low grade cancer tissues, 3 high grade cancer tissues and 3 normal urothelial tissues were randomly selected for high-throughput sequencing analysis.
RNA extraction
According to the manufacturer's protocol, total RNA was isolated from samples by using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). The purity and quantity of total RNA was evaluated using a Nano Drop nD-1000 spectrophotometer (OD 260 nm, Nano Drop, Wilmington, De, USA). Then, RNA integrity was assessed with standard denaturing agarose gel electrophoresis.
RNA-sequencing and data preprocessing
The quantity and purity of the total RNA were measured using an ultra-micro spectrophotometer (OD 260 nm, Nano Drop, Wilmington, De, USA). Then, the lncRNA sequencing libraries were constructed according to the manufacture instruction. The libraries were conducted to sequencing by using IlluminaHiSeq 4000 Quantitative real-time PCR Total RNA (1 µg) was reverse-transcribed to cDNA by the PrimeScript RT reagent kit (Takara, Japan). The lncRNA expression levels were measured by RT-PCR with an ABI VII7 PCR System (Applied Biosystems, USA) using SYBR Green PCR assays (Takara, Japan), according to the manufacturer's guidelines.
The reactions were incubated in a 384-well optical plate at 95°C for 10 min for initial denaturation, followed by 40 PCR cycles of incubation at 95°C for 15 s, 60°C for 30s, and then 72°C for 30s. Melting curve analysis was used to confirm the specificity of PCR product. Relative expression levels were determined using the comparative CT method (2 −ΔΔCT method). The expression levels of lncRNAs were normalized to the endogenous reference gene GAPDH, and each sample was run in triplicate for analysis.
Functional group analysis GO and KEGG analyses were applied to identify the biological functions of the aberrantly expressed lncRNAs. The lncRNA data were imported into the Database for Annotation, Visualization and Integrated Discovery (DAVID) (david.abcc.ncifcrf.gov/tools.jsp). GO analysis was applied to analyze the main function of the differential expression genes according to the Gene ontology project. KEGG enrichment analysis was used to analyze the biological pathways, involving the differentially expressed lncRNAs. A P value below 0.05 was considered to indicate significance.
PPI network construction
Search Tool for the Retrieval of Interacting Genes (STRING) database (https://string-db.org/) records the experimental and predicted interaction information between proteins by calculating their combined score [15] . In our study, common differential expression genes in high-grade BC vs. low-grade BC, and highgrade BC vs. normal, with the combined score of PPIs greater than 0.7 were screened out. Thus, PPI networks were constructed based on the information of STRING database. In particular, the selection of combined score was based on the magnitude of observed PPIs. Moreover, the PPI network was visualized using Cytoscape software [16] . Additionally, the degree of nodes (proteins) in the PPI network was calculated, indicating the number of interacting partners. The proteins with higher node degree in each PPI network were considered as hubs.
lncRNA-mRNA co-expression network
The lncRNA-mRNA co-expression network was constructed to determine their relationship among these differentially expressed lncRNAs and mRNAs. The lncRNAs and mRNAs that had Pearson correlation coefficients equal to or greater than 0.99 were selected, and from those a network was constructed from the groups using the Cytoscape program (http://www.cytoscape.org).
Results
LncRNAs expression profile in different grade bladder cancer and Normal urothelium
We performed high-throughput sequencing in 3 normal bladder tissues, 3 low-grade BC tissues and 3 high-grade BC tissues. P < 0.05 and |log2fold change| > 1 were selected as the cutoff. Compared with normal tissues, the high-grade BC tissues expressed 269 lncRNAs consisted of 172 up-regulated and 97 down-regulated lncRNAs. Compared to low-grade BC tissues, the high-grade BC tissues expressed 252 lncRNAs consisted of 172 up-regulated and 80 down-regulated lncRNAs. Heatmaps were used to assess those variations in lncRNA expression (Fig. 1A&B) . With further analysis, we found 33 lncRNAs were overlapped and had the same direction of expression change in the above two groups ( (Table S1&S2) . Similarly, 268 mRNAs were overlapped in two groups (Table S3) .
RT-PCR validation of overlapped lncRNAs in different grade bladder cancer and normal urothelium tissues.
To validate high-throughput sequencing results of dysregulated lncRNAs, we collected 10 normal urothelium tissues, 10 low-grade BC and 10 high-grade BC samples. We choose lncRNAs according to the following rules. First, combined with the fold change of lncRNAs expression in two groups. Second, the same direction of expression change in two groups. Third, the information of gene status which was validated in UCSC database. Finally, we selected 7 of the 33 lncRNAs for RT-PCR quantification. The expression of lncRNA AC114812.8, LINP1, LUCAT1 were significantly increased, whereas the expression of lincRNA LINC00886, AP001046.5, CTC-558O2.1, LINC01011 were markedly decreased ( Fig. 2A-G) . The RT-PCR results were consistent with the expression trends of the highthroughput sequencing data.
GO analysis and pathway analysis of the differentially expressed lncRNAs.
Studies have proved that lncRNAs could exert its biological function by regulating the neighboring coding genes. Thus, we used GO analysis and pathway analysis to assess the biological significance of lncRNAs through partner mRNAs. Gene ontology analysis and pathway analysis were performed on significantly dysregulated lncRNAs in the two groups. We identified the top 10 enriched GOs in high-grade BC compared with low-grade BC, including cell differentiation, GTPase mediated signal transduction and cell spreading and so on, (Fig. 3A) . The top 10 enriched GOs in high-grade BC compared with normal urothelium, including cell differentiation, positive regulation of GTPase activity, cell migration and cell adhesion and so on (Fig. 3B) .
Pathway analysis revealed 10 pathways in each subgroup. Compared with high-grade BC and low-grade BC, the MAPK signaling pathway, pathways in cancer and Ras signaling pathway were significantly enriched (Fig. 3C) . Ras signaling pathway, cGMP-PKG signaling pathway and vascular smooth muscle contraction were significantly enhanced in high-grade BC with normal urothelium (Fig. 3D) .
PPI network analysis of overlapped mRNAs
Based on the information of the STRING database, the PPI networks were constructed by 268mRNAs, which were overlapped of high-grade BC with low-grade BC and high-grade BC with normal urothelium groups. The PPI network analysis included 55 nodes and 69 edges. The highest connectivity degrees were CCNB1 (cyclin B1, degree = 13), RAD51 (RAD51 recombinase, degree = 7) and IL8 (interleukin 8, degree = 6) (Fig. S2) .
Co-expression of lncRNAs and mRNAs
We also constructed lncRNA-mRNA co-expression networks in 33 lncRNAs and 268mRNAs in two groups. The co-expression network was composed of 89 nodes and 124 edges between 10 lncRNAs and 79 coding genes in high-grade BC with low-grade BC group (Fig. S3A) . Among them, LncRNA01011, LUCAT1 and XLOC_096449 were significantly enriched. The co-expression network constructed of high-grade BC and normal urothelium included 139 nodes and 228 edges (Fig. S3B) . The highest enriched genes were LncRNA01011, LncRNA00886 and XLOC_235536. In consistent with our research, The Cancer Genome Atlas (TCGA) Bladder urothelial carcinoma database (http://ibl.mdanderson.org/tanric/design/ basic/index.html) proved that LUCAT1 was expressed differently in high-grade BC vs lowgrade BC and had statistical significance in the diagnosis of papillary vs non-papillary bladder cancer (Fig. S4 ). What's more, TCGA database also showed that LUCT1 has a connection with CCNB1 and the correlation score was 0.527 (P< 3.4x10^-8 ) (Fig. S4) .
Discussion
In recent years, mounting studies have demonstrated that lncRNAs take part in cancer molecular biology, such as tumorigenesis, invasion and transition, while there is still little information between the pathological grades progress and lncRNAs expression in bladder cancer. Therefore, we performed high-throughput sequencing to detect lncRNAs levels in bladder cancer tissues of different grade and normal tissues.
We identified 269 and 252 dysregulated lncRNAs respectively in two groups and 33 lncRNAs which were not only differentially expressed between high-grade BC and low-grade BC but also altered between high-grade BC and normal urothelium. Among them, it has been reported that low expression of MEG3 was associated with poor recurrence-free survival in bladder cancer [17] . The decreased of BDNF-AS expression is correlated with patients' advanced clinical stage and associated with shorter overall survival in retinoblastoma [18] . We further validated 7 lncRNAs (AC114812.8, LINP1, LUCAT1, LINC00886, AP001046.5, CTC-558O2.1, LINC01011) in other independent tissues. Our results were consistent with the expression trends of the sequencing data. LINP1 significantly overexpressed in basal breast cancer and regulated repair of DNA breaks [19] . LINC01011 expressed differentially in intrahepatic cholangiocarcinoma and adjacent normal tissues [20] . CTC-558O2.1 [21] . It was reported that LUCAT1 was critical for the progression of glioma and regulated proliferation and invasion of glioma cells through miR-375 [22] . Clinical samples analysis showed that higher expression of LUCAT1 was associated with tumor size, tumornode-metastasis (TNM) stage and overall survival (OS). Besides, LUCAT1 also showed to modulate drug resistance [23, 24] . To explore the potential molecular mechanisms of these lncRNA, we used GO and pathway analyses. The GO analysis revealed that 'cell adhesion', 'GTPase activity' appeared in two groups. Pathway analysis also indicated MAPK signaling pathway, pathways in cancer and Ras signaling pathway were significantly enriched. It is supposed that these dysregulated lncRNAs in different grade bladder cancer and normal urothelium may participate in biological processes of cancer [25] [26] [27] [28] . Bryan RT1 et al. found that N-and P-cadherin related to the cadherin cell adhesion and was the potential targets for the inhibition of cancer progression in bladder cancer [29] . Tomasetti et al. proved DNA replication errors mutations were responsible for two-thirds of the mutations in human cancers by analyzing cancer genome sequencing and epidemiological data [30] . It has also been proved that Foxo3 circular RNA could retard cell cycle progression by binding to CDK2 and p21 [31] . These biological functions may be associated with bladder cancer progression.
We constructed a protein-protein interaction (PPI) network based on the overlap of dysregulated mRNAs in two groups. CCNB1 gathered the highest connectivity of nodes. CCNB1 inhibition induced colorectal cancer apoptotic death and proliferation in vitro and tumor growth in vivo [32] . Huang L et al. found that PBRM1 could block the G2/M transition by repressing cyclin B1, and PBRM1 was associated with advanced tumor stage, low differentiation grade and worse patient outcome [33] . While little demonstrate CCNB1 play a role in different grade bladder cancer. so, we speculate that CCNB1 may participate in the development or progression of bladder cancer. Consistent with our hypothesis, gene expression profiling identified that CCNB1 signature was associated with disease recurrence, stage and grade in 102 patients with NMIBC. What's more, gene network analyses and experimental assays showed that FOXM1-CCNB1-Fanconi anemia pathways might mediated NMIBC recurrence. In our study, IL8 is the second highest enriched connectivity nodes. Surprising, further investigation indicates that IL-8-stimulated cell proliferation correlates with alteration of cell cycle distribution by increasing levels of cell cycle-regulated Cyclin D1 and Cyclin B1 proteins as well as activation of PI3K/Akt and Raf/MEK/ERK [34] . Therefore, IL8 and CCNB1 may have potential function in the progress of bladder cancer.
To discern the potential connections between the overlapped lncRNAs and mRNAs, we built a lncRNA and mRNA co-expression network. LUCAT1 got a higher clustering coefficient with CCNB1 both in two groups. Other studies indicated that LUCAT1and CCNB1 play important roles in the biological processes, such as cell cycle, DNA damage response and cell apoptosis [35] [36] [37] . At the same time, TRANRIC web site also indicates there are some connections between LUCAT1 and CCNB1. Therefore, we speculate LUCAT1 and CCNB1 may participate in the progress of different grade bladder cancer.
Conclusion
In conclusion, we explored the aberrantly expressed lncRNAs and mRNAs in different grade cancer by high throughput sequencing. Our results suggested that those dysregulated genes including LUCAT1, LINC01011, LINC00886, CCNB1, IL8 might synergistically contribute to the progress of bladder cancer based on the bioinformatic analysis and RT-PCR. There are, however, some limitations in our study. Firstly, the specific molecular mechanism about the progress of bladder cancer remain unknown. Secondly, the biological roles of those novel dysregulated lncRNAs, such as LINC01011, LINC00886 and XLOC-235536, and how they
